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PREFACE 


The objective of this book is to provide the working engineer with all the essential data to design and 
run production facilities. The data are presented in graphs covering a wide temperature range to enable the 
engineer to quickly determine the information he needs at the desired temperature. 


The literature has been carefully searched for experimental data. When several sources give different 
values, the authors made a judgment as to the most reliable source. To enable the engineer to go back to the 
original article for additional information, the sources of all data are documented. 


For many compounds, experimental results are available only over a narrow temperature span. In these 
cases, estimation methods have been used to extend the data over a wider temperature range. When estimation 
methods are used, the method and expected accuracy are explained. Thus, the user is aware of the reliability of 
the graphical values. Reference to the original work is provided for those wishing to study the method further. 


The physical properties normally needed in design and production are vapor pressure, heat of 
vaporization, density, surface tension, heat capacity and thermal conductivity. For chemical reactions, enthalpy 
of formation and Gibb’s free energy of formation are helpful. Also, the boiling point, freezing point, molecular 
weight, critical properties, lower explosion limit in air and solubility in water are tabulated for each compound. 
This latter property data are helpful in safety and environmental engineering. 


In this edition, special attention is paid to improving the accuracy of estimation techniques. Improved 
methods of extending data and new experimental data are included. 


The SI and metric units are used for all properties except vapor pressure, both because these units are 
becoming increasingly used in production plants and because conversion is generally easier. Each graph displays 
a conversion factor providing English units. The temperature scale in all graphs is Centigrade. 


Robert W. Gallant 
Freeport, Texas 


Carl L. Yaws 
Beaumont, Texas 


DISCLAIMER 


This handbook presents a variety of thermodynamic and physical 
property data. It is incumbent upon the user to exercise judgment in the 
use of the data. The authors do not provide any guarantee, express or 
implied, with regard to the general or specific applicability of the data, the 
range of errors that may be associated with any of the data, or the 
appropriateness of using any of the data in any subsequent calculation, 
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damages, if any, suffered by any reader or user of this handbook as a result 
of decisions made or actions taken on information contained herein. 
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Chapter 1 


C, TO C, NORMAL ALDEHYDES 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 1-1 


Physical, thermodynamic and transport property data from the literature (2,3,36-38,44-60,62-71) are given 
in Table 1-1. The critical constants are from the DIPPR project (5). Additional property data such as acentric 
factor, enthalpy of formation, lower explosion limit in air and solubility in water are also available. Results from 
the DIPPR (Design Institute for Physical Property Research) project (5) and recent data compilations by Yaws 
and co-workers (44-60) were consulted extensively in preparing the tabulation. 


The property data in the top and middle parts of the tabulation are helpful in process engineering. The 
property data in the lower part of the tabulation are helpful in safety and environmental engineering. 


VAPOR PRESSURE - Figure 1-1 


Results from the DIPPR project (5) were selected. These results are applicable for vapor pressure from 
very low temperatures to the critical point. Correlation of vapor pressure as a function of temperature was 
accomplished using the equation: 


InP =A+B/T+ClnT+DT® (1-1) 
where P = vapor pressure 
T = temperature 


Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION - Figure 1-2 


Results from the DIPPR project (5) were selected. Data for heat of vaporization were correlated using 
a modified Watson equation with extended terms in the exponent: 


=f a Sha 
Mere él Sty CT, DT; A | (1-2) 


vap 


where AH,,, = heat of vaporization 
T, = reduced temperature, T/T¢ 


Reliability of results is good with errors of about 5% or less. 


For data compilation of Yaws and co-workers (44,54), data for heat of vaporization were correlated 


using the Watson equation: 
AH = A (le Tes (1-2a) 


LIQUID DENSITY - Figure 1-3 


Results from the DIPPR project (5) were selected. A modified Rackett equation was used for correlation 
of the data: 


D 
-ape- VO) (1-3) 
where p = saturated liquid density 
T = temperature 
Results from the correlation are in favorable agreement with data. Deviations are less than 3% in most 
cases. 


For data compilation of Yaws and co-workers (44,54), a slightly different Rackett equation was used for 
correlation of the data: 


je 7 


BNET (1-3a) 


where T, = reduced temperature, T/T. 


SURFACE TENSION - Figure 1-4 


Results from the DIPPR project (5) were selected. Using data from the literature, surface tension over 
the full liquid range was achieved by the modified Othmer equation: 


[B+ CT, + DT? + ET] 


ov AN(leet) (1-4) 


where o = surface tension 
T, = reduced temperature, T/T, 
Accuracy is good with errors being about 5% or less in most cases. 


For data compilation of Yaws and co-workers (44,54), surface tension was correlated by a slightly 
different Othmer equation: 


a= AQ-T)"* (1-4a) 


HEAT CAPACITY - Figures 1-5 and 1-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Two different equations 
were used for correlation of the data for heat capacity of ideal gas: 


C.=A +B exp [-C/T?] (1-5) 


Cp, = A + B [(C/T)/sinh(C/T)]? + D [(E/T)/cosh(E/T)]* (1-5a) 


where C, = heat capacity of ideal gas 
T = temperature 


Results are in favorable agreement with data. Errors are about 1% or less in most cases. 


For data compilation of Yaws and co-workers (44,54), Correlation of data was accomplished using a 
series expansion in temperature: 


Cp= A+BT+CT’+DT (1-5b) 


Results from the DIPPR project (5) were selected for heat capacity of liquid. Data were correlated with 
a series expansion in temperature: 


O 
i 


A+BT+CT’?+DT+ET (1-6) 


heat capacity of liquid 
T = temperature 


where 


e) 
~~ 
I 


Results are in favorable agreement with data. Errors are about 10% or less using the equation. To 
provide wider coverage, the temperature range was extended using thermodynamic principles. 


For data compilation of Yaws and co-workers (44,54), the following equation was used for heat capacity 
of liquid: 


CrewAT BE ho 6 1 (1-6a) 


VISCOSITY - Figures 1-7 and 1-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data were correlated using the 
equation: 


AT? 
aes = (1-7) 
aC/i a DyT 
where Ngas = Viscosity of gas 


T = temperature 
Results are in favorable agreement with data. Errors are about 10% or less in most cases. 


For the data compilation of Yaws and co-workers (31), a series expansion in temperature was used for 


viscosity of gas: 
Vee AB Te eae (1-7a) 


Results from the DIPPR project (5) were selected for viscosity of liquid. Data were correlated using the 
de Guzman - Andrade equation with extended terms: 


ini, =A B/T Gln dae (1-8) 


where Niiq = Viscosity of liquid 
T = temperature 


Correlation results and data are in fair agreement with errors being about 10% or less. 


For the data compilation of Yaws and co-workers (31), a modified de Guzman - Andrade equation was 
used for viscosity of liquid: 


ico teen BA eT Dil (1-8a) 


THERMAL CONDUCTIVITY - Figures 1-9 and 1-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data were correlated 
using the equation: 


ALT? 
Naa = (1-9) 
1+ C/T + D/T’ 
where A,as = thermal conductivity of gas 


T = temperature 
Reliability of results is good with errors of about 10% or less in most cases. 


For the data compilation of Yaws and co-workers (31), a series expansion in temperature was used for 
thermal conductivity of gas: 


As = A+ BT+CT?+DT (1-9a) 


gas 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. Data were 
correlated using the equation: 


hi oo Bae Cl? Del Ble (1-10) 
where A, = thermal conductivity of liquid 
T = temperature 


Results are in favorable agreement with data. Errors are about 5% or less in most cases. 


For the data compilation of Yaws and co-workers (31), a series expansion with less terms was used for 
thermal conductivity of liquid: 


A 


liq 


= 2 
= Aa er hee Cay (1-10a) 


ENTHALPY OF FORMATION - Figure 1-11 


Results from the data compilation of Yaws and co-workers (44,45) were selected. The correlation for 
enthalpy of formation of the ideal gas is a series expansion in temperature: 


AH, 


APBT. CT (1-11) 


where AH, = enthalpy of formation of ideal gas 
T = temperature 


Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 1-12 


Results from the data compilation of Yaws and co-workers (44,46) were selected. The correlation for 
Gibb’s free energy of formation of the ideal gas is a series expansion in temperature: 


AG;=A +BT + CT (1-12) 


where AH, = Gibb’s free energy of formation of the ideal gas 
T = temperature 


Results from the correlation are in favorable agreement with data. 


CORRELATION CONSTANTS FOR EQUATIONS 


The A, B, C, D and E in the above equations are correlation constants for the specific property under 
discussion. The correlation constants which have distinct values for individual compounds maybe used in the 
above equations to calculate the specific property value at the temperature of interest. 


Table 1-1 Physical Properties 
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3. Molecular Weight, g/mol ..................0.0 86.134 
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SuCriticameressUleaOal nate 35.000 
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11. Heat of Vaporization 

@ BPO KY, Kaeser escsesace ss susctncesnecdecestscss 400.31 
12. Density of Liquid @ 25 C, g/ml ........ 0.805 
13. Surface Tension @ 25 C, dynes/cm .. 24.98 
14. Heat Capacity of Gas 

@25) Cee ROE ee ee ee 1.453 
15. Heat Capacity of Liquid 

Gry Cel feck ee ene ee 2.102 
16. Viscosity of Gas | 

(@e5 Ce miCrOpOlse nc eco 65.285 
17; viscosity of Liquid 

(i 25i1Gx Cen POS Cra rtcce 1 cneiera 0.614 
18. Thermal Conductivity 

ol Gast@25 GaW (in Keo eee 0.010 
19. Thermal pondueiy 

@eslsiqnids(@) 25: Caw jm Kec asa, 0.138 
20. Enthalpy of Formation of Gas 

QS iCuk I MOL eae en ance ee -227.93 
21. Gibbs Free Energy of Formation 

Ol Gas @25, Caks/moli se... 4.4. -108.61 
D2 Iasi POM Ieee cenceersaty ee eee, 285.15 
23. Autoignition Temperture, K ............... 495.15 
24. Lower Explosion Limit 

TEN PATE VOR Oa ersiaes faces tee saces atone ee 15 
25. Upper Explosion Limit 

TUS C1 ah 70) ML 7 ae ee ee Oe oe 9.50 
26. Solubility in Water 
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Heptanal 
C7H140 
114.188 
603.00 
28.000 
421.00 
0.235 
0.4865 
230.15 
425.95 


339.79 
0.813 
26.26 
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2.194 
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Figure 1-2 Heat of Vaporization 
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Figure 1-5 Heat Capacity of Gas 
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Figure 1-6 Heat Capacity of Liquid 
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Figure 1-9 Thermal Conductivity of Gas 
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Figure 1-10 Thermal Conductivity of Liquid 
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Figure 1-11 Enthalpy of Formation of Gas 
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Chapter 2 


C,, C,, AND C,, NORMAL ALDEHYDES 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 2-1 


Property data from the literature (2,3,4,63-68,71-76) are given in Table 2-1. The critical constants were 
selected from the DIPPR project (5). Additional property data such as acentric factor, enthalpy of formation, 
lower explosion limit in air and solubility in water are also available. The DIPPR (Design Institute for Physical 
Property Research) project (5) and data compilations by Yaws and co-workers (44) were consulted extensively 
in preparing the tabulation. 


VAPOR PRESSURE - Figure 2-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 2-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 5%. 


LIQUID DENSITY - Figure 2-3 


Results from the DIPPR project (5S) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 5% in most cases. 


SURFACE TENSION - Figure 2-4 


. Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 2-5 and 2-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 3% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 10% or less in most cases. 


VISCOSITY - Figures 2-7 and 2-8 


__ Results from the DIPPR project (5S) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in fair agreement with errors being about 10% or less 
in most cases. 


THERMAL CONDUCTIVITY - Figures 2-9 and 2-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is fair with 
possible errors of 10%. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 5% in most case 
except octanal(possible 25% error). 


ENTHALPY OF FORMATION - Figure 2-11 


The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 
gas for all component except dodecanal. For dodecanal, the values at 25 C (5,14) were extended to higher 
temperatures by integration of the appropriate equations (76) which involve gas heat capacities. Data for enthalpy 
of formation of the ideal gas is a series expansion in temperature, Equation (1-11). Results from the correlation 


are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 2-12 


The data compilation of Yaws and co-workers (44,45) was selected for Gibb’s free energy of formation 
of ideal gas for all component except dodecanal. For dodecanal, the values at 25 C (5) were extended to higher 
temperatures by integration of the appropriate equations (76) which involve gas heat capacities, Data for Gibb’s 
free energy of formation of the ideal gas is a series expansion in temperature, Equation (1-12). Results from the 
correlation are in favorable agreement with data. 
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Table 2-1 Physical Properties 
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Figure 2-2 Heat of Vaporization 
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Figure 2-6 Heat Capacity of Liquid 
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Chapter 3 


C, TO C, NORMAL ACIDS 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 3-1 


Property data from the literature (2,3,8,21-23,33-36,63-65,75,77-88) are given in Table 3-1. The critical 
constants were selected from the DIPPR project (5). Additional property data such as acentric factor, enthalpy 
of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 3-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 3-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 5%. 


LIQUID DENSITY - Figure 3-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 3% in most cases. 


SURFACE TENSION - Figure 3-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 3-5 and 3-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


ae using Equation (1-5a). Results are in favorable agreement with data. Errors are about 5% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in rough agreement 
with data. Errors are about 25% or less in most cases. 


VISCOSITY - Figures 3-7 and 3-8 


; Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 3% or 
less in most cases. 


THERMAL CONDUCTIVITY - Figures 3-9 and 3-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is favorable with possible errors of 5% in most 


cases. 


ENTHALPY OF FORMATION - Figure 3-11 


The data compilation of DIPPR project(5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 3-12 


The data compilation of DIPPR project(5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series expansion 
in temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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Figure 3-10 Thermal Conductivity of Liquid 
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Chapter 4 


C,, C,, AND C,, NORMAL ACIDS 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 4-1 


Property data from the literature (2,3,8,21,63-65,73-80,85-87,89-92) are given in Table 4-1. The critical 
constants were selected from the DIPPR project (5). Additional property data such as acentric factor, enthalpy 
of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 4-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 4-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 5%. 


LIQUID DENSITY - Figure 4-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 3% in most cases. 


SURFACE TENSION - Figure 4-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 


34 


HEAT CAPACITY - Figures 4-5 and 4-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 5% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in rough agreement 
with data. Errors are about 5% or less in most cases except octanoic acid(possible 25% error). 


VISCOSITY - Figures 4-7 and 4-8 


_ Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in fair agreement with errors being about 10% or less 
in most cases. 


THERMAL CONDUCTIVITY - Figures 4-9 and 4-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 4-11 


The data compilation of DIPPR project(5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 4-12 


The data compilation of DIPPR project(5) was selected for Gibb’s free energy of formation of ideal gas. 
The values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series expansion In 
temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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Figure 4-3 Liquid Density 
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Figure 4-4 Surface Tension 


Bg 


Heat Capacity of Gas, J/g K 


Heat Capacity of Liquid, J/g K 


eS 


eae 
es 


1 J/g K = 0.239 BTU/Ib R 


200 400 600 800 1000 
Temperature, C 


Figure 4-5 Heat Capacity of Gas 
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Figure 4-6 Heat Capacity of Liquid 
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Figure 4-7 Viscosity of Gas 
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Figure 4-9 Thermal Conductivity of Gas 
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Figure 4-10 Thermal Conductivity of Liquid 
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Figure 4-11 Enthalpy of Formation of Gas 
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Chapter 5 


C,,, C,, AND C,, NORMAL ACIDS 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 5-1 


Property data from the literature (2,3,8,21-26,36,63-67,73-79, 125-127) are given in Table 5-1. The critical 
constants were selected from the DIPPR project (5). Additional property data such as acentric factor, enthalpy 
of formation, lower explosion limit in air and solubility in water are also available. 


VAPOR PRESSURE - Figure 5-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 5-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 5%. 


LIQUID DENSITY - Figure 5-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 3% in most cases. 


SURFACE TENSION - Figure 5-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 5-5 and 5-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 
accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 5% or less 
in most cases except for octadecanoic acid (possible 25% error). 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 10% or less in most cases except for tetradecanoic acid (possible 25% error). 


VISCOSITY - Figures 5-7 and 5-8 


_ Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or 
less in most cases. 


THERMAL CONDUCTIVITY - Figures 5-9 and 5-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases 
except for octadecanoic acid (possible 25% error). 


ENTHALPY OF FORMATION - Figure 5-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C (5,14) were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 5-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C (5) were extended to higher temperatures by integration of the appropriate equations 
(76) which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series 
expansion in temperature, Equation (1-12). Results from the correlation are in favorable agreement with 


data. 
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Chapter 6 


ADIPIC AND SUCCINIC ACIDS 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 6-1 


Property data from the literature (5,9,14,16,25,26,63-65,73,75,79,82,90,93-99) are given in Table 6-1. The 
critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation, lower explosion limit in air and solubility in water are also available. References 5, 9 and 
26 suggest decomposition reactions at temperatures in the region of the boiling points. 


VAPOR PRESSURE - Figure 6-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in rough agreement with 
experimental data. Errors are about 25% or less in most cases. 


HEAT OF VAPORIZATION - Figure 6-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is rough with possible errors of 25%. 


LIQUID DENSITY - Figure 6-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in rough agreement with data. Deviations are less 
than 25% in most cases. 


SURFACE TENSION - Figure 6-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 6-5 and 6-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


accomplished using Equation (1-5Sa). Results are in favorable agreement with data. Errors are about 10% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in rough agreement 
with data. Errors are about 25% or less in most cases. 


VISCOSITY - Figures 6-7 and 6-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in fair agreement with errors being about 10% or less 
in most cases. 


THERMAL CONDUCTIVITY - Figures 6-9 and 6-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 6-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 6-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series expansion 
in temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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Table 6-1 Physical Properties 


DS NAIM Gi. eae ccte co eectescterre tte eat cetee Succinic Acid Adipic Acid 
Le OKMUay a sescussetee es eee eerste C4H604 C6H1004 
3. Molecular Weight, g/mol ................0006 118.089 146.143 
4. Critical Temperature, K ..........cceeseeeee 806.00 809.00 
on Criticalubressures Dal aeeenee 47.10 35.30 
6. Critical Volume, ml/mol ..............0000000 300.0 400.00 
7. Critical Compressibility Factor ............ 0.211 0.210 
Se Acentric! Pactori sae see nee 0.9914 1.0543 
OS Melting Bont sce eee 461.15 425.50 
10. Boiling Point @ 1 atm, K .........0.000... 591.00 611.00 
11. Heat of Vaporization 

GIBPAKI KG ee cea ere 622.84 499.13 
12. Density of Liquid @ BP, g/ml .......... 1.144 0.906 
13. Surface Tension @ BP, dynes/cm ...._ 27.08 9.68 
14. Heat Capacity of Gas 

@25CO) go Kye cee eee 1.130 1.170 
15. Heat Capacity of Liquid 

GIEPAl/ eke 2.62 3.42 
16. Viscosity of Gas _ 

@25 CG micropoise =... ee 63.42 DOL 
17. Viscosity of Liquid 

@ BP centipoises nnn = eee 0.191 ——— ------ 
18. Thermal Conductivity 

Of Gasi@ 25 Co W/mK oo 0.0099 0.0088 
19. Thermal Conductivit 

of Liquid @ BP, W/mK ..2.....205 0.129 0.117 
20. Enthalpy of Formation of Gas 

@r75 Cy kD /molee ae ee -823.49 -866.04 
21. Gibbs Free rey of Formation 

of Gas.@ 25'C k)/moly ie. -697.65 -687.66 
22) Elash Point Kec eee ee 435.93 
23. Autoignition Temperature, K .............. ------ 695.37 
24. Lower Explosion Limit 

NCATE VOU COL ect an eee Oe een 2.6 1.6 
25, epee Explosion Limit 

HERA IW VOUTG. cee eae ee 14.4 9.6 
26. Solubility in Water 

CIPS Ce Ure TORE Ree Ae 6.8% 15% @15C 
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Chapter 7 


C,, C,, and C,, NORMAL ALCOHOLS 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 7-1 


Property data from the literature (2,3,5,6,19,21,26,33,38,44,63-65,73,77,97,100, 103-115) are given in Table 
7-1. The critical constants were selected from the DIPPR project (5). Additional property data such as acentric 
factor, enthalpy of formation, lower explosion limit in air and solubility in water are also available. The DIPPR 
(Design Institute for Physical Property Research) project (5) and recent data compilations by Yaws and co- 
workers (44) were consulted extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 7-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 7-2 


The data compilation of Yaws and co-workers (44) was selected for heat of vaporization for 
temperatures ranging from melting point to critical point. The Watson equation, Equation (1-2a), was used for 
correlation of the data as a function of temperature. Reliability of results is good with errors of about 10% or 
less. 


LIQUID DENSITY - Figure 7-3 


Results from the data compilation of Yaws and co-workers (44) were selected for liquid density from 
low temperatures at the melting point to higher temperatures up to the critical point. A modified Rackett 
equation, Equation (1-3a), was used for correlation of the data as a function of temperature. Results from the 
correlation are in favorable agreement with data. Deviations are less than 2% in most cases. 


SURFACE TENSION - Figure 7-4 


The data compilation of Yaws and co-workers (44) was selected for surface tension for temperatures 
from melting point to critical point. Using data from the literature, correlation for surface tension as a function 
of temperature over the full liquid range was achieved by the modified Othmer equation, Equation (1-4a). 
Accuracy is good with errors being about 3% or less in most cases. 
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HEAT CAPACITY - Figures 7-5 and 7-6 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of ideal 
gas. Correlation of data was accomplished using a series expansion in temperature, Equation (1-5b). Results 
are in favorable agreement with data. Errors are about 1% or less in most cases. 


Results from the data compilation of Yaws and co-workers (44) were selected for heat capacity of liquid. 
The coverage applies to temperatures from below the boiling point to temperatures above the boiling point for 
most of the compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). Results 
are in favorable agreement with data. Errors are about 10% or less using the correlation. 


VISCOSITY - Figures 7-7 and 7-8 


The DIPPR project (5) was selected for viscosity of gas. Data for gas viscosity as a function of 
temperature were correlated using Equation (1-7). Results are in favorable agreement with data. Errors are 
about 10% or less in most cases. 


The DIPPR project (5) was also selected for viscosity of liquid. Temperatures from below the boiling 
point to temperatures above the boiling point are covered for most of the compounds. Data for liquid viscosity 
as a function of temperature were correlated using the de Guzman - Andrade equation with extended terms, 
Equation (1-8). Correlation results and data are in favorable agreement with errors being about 10% or less. 


THERMAL CONDUCTIVITY - Figures 7-9 and 7-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using the Equation (1-9). Reliability of results is good 
with errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Results are in favorable agreement with data. Errors are about 5% 
or less in most cases. 


ENTHALPY OF FORMATION - Figure 7-11 


The data compilation of Yaws and co-workers (44) was selected for enthalpy of formation of ideal gas. 
Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). Results 
from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 7-12 


Results from the data compilation of Yaws and co-workers (44) were selected for Gibb’s free energy 
of formation of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-12). Correlation results are in favorable agreement with data. 
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Table 7-1 Physical Properties 


(Wao eT eaVoen Greer coca ere PoE ES Octanol Decanol Dodecanol 
DA Orinlaacscieeeesrcta tose eeescte re eopee sane nee C8H180 C10H220 C12H260 
3. Molecular Weight, g/mol «0.0.0... 130.23 158.284 186.338 
4. Critical Temperature, K ..........c.cseseeree 652.50 690.00 721.00 
Se Critical Pressures DAG ere -ceccscesseccsecoresns: 28.60 23.70 19.30 
6. Critical Volume, ml/mol ............cceee 490.0 599.56 696.00 
7. Critical Compressibility Factor ............ 0.258 0.248 0.224 
SIA CEM ie a ChOM cee necccretsstsisesessecctecsqereces 0.5944 0.6134 0.6393 
OW Me ltings PO1nty Korceccerescecctescernerecer-serene= 257.65 280.05 296.95 
10. Boiling Point @ 1 atm, K .............. 468.35 503.35 535.00 
11. Heat of Vaporization 

GBB R SKU KG oe teecteccotiesscsctteresvaneetecs 388.70 317.69 361.92 
12. Density of Liquid @ 25 C, g/ml ....... 0.822 0.827 0.842 
13. Surface Tension @ 25 C, dynes/cm .. 27.04 28.44 29.40 
14. Heat Capea ot Gas 

DCH) OK err ec eee rocsctsesners 1.546 1.561 S572 
15. Heat Capacity of Liquid 

DS Gy Ue Ria tavea os cchepcace oxen cotacen canes 1.974 1.967 gees) 
16. Viscosity of Gas . 

(DE25 CAM CE OD O1SE recs ccneseestsceusaessssee 53.98 50.36 44.50 
1 Viscosity of Liquid 

@= 25 GC, CENUPOISE <o.c.<ccssscscssncsnsseeersren We 132 15.72 
18. Thermal Conductivity 

Ol Gas@25 Ow mK ete 0.010 0.010 0.011 
19. Thermal Conducti 

of Liquid’(@ 25 GW mien... 0.161 0.162 0.146 
20. Enthalpy of Formation of Gas 

 OPENE OPA AW ise) We eroreN ee enn ree =357.29 -403.44 -443.15 
21. Gibbs Free Energy of Formation 

OL Gasi@) 25. CK) mole ance -117.99 -106.27 -87.95 
22 Flas P OIG Wee rea tec teeta toes 354.26 355:37 399.82 
23; Autoignition Tempenture, K..22..:.-: 555.0 561.15 548.15 
24. Lower Explosion Limit 

BIN AIT VOU GO: see scores oe cease cetenseesseeoeees 0.9 0.7 0.6 
25. Upper Explosion Limit 

THAME VOI GG) ccercvericetcvsscaasamesesseeniers eset 6.4 Sy 5.1 
26. Solubility in Water 

(@ 250, qo pnt) cvsarcsereeecneeretes tee teens 540.00 37.02 4.00 
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Figure 7-2 Heat of Vaporization 
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Figure 7-7 Viscosity of Gas 
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Figure 7-8 Viscosity of Liquid 
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Chapter 8 


C,,, C,, and C,, NORMAL ALCOHOL 


Robert W. Gallant, Carl L. Yaws and Li Bu 


PHYSICAL PROPERTIES - Table 8-1 


Property data from the literature (2,3,21,63,65,66,72,89,90,100-103) are given in Table 8-1. The critical 
constants were selected from the DIPPR project (5). Additional property data such as acentric factor, enthalpy 
of formation, lower explosion limit in air and solubility in water are also available. The DIPPR (Design Institute 
for Physical Property Research) project (5) and data compilations by Yaws and co-workers (44) were consulted 
extensively in preparing the tabulation. 


VAPOR PRESSURE - Figure 8-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 10% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 8-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 10%. 


LIQUID DENSITY - Figure 8-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 1% in most cases. 


SURFACE TENSION - Figure 8-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 8-5 and 8-6 


Results from Yaws and co-workers (44,54) were selected for heat capacity of ideal gas. Correlation of 
data was accomplished using Equation (1-5b). Results are in favorable agreement with data. Errors are about 
1% or less in most cases. 


Results from Yaws and co-workers (44,54) were selected for heat capacity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data were correlated with a series expansion in temperature, Equation (1-6a). Results are in fair 
agreement with data. Errors are about 10% or less in most cases. 


VISCOSITY - Figures 8-7 and 8-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 0% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in fair agreement with errors being about 10% or less 
in most cases. 


THERMAL CONDUCTIVITY - Figures 8-9 and 8-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is fair with 
possible errors of 10%. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most case. 


ENTHALPY OF FORMATION - Figure 8-11 


The data compilation of Yaws and co-workers (44,45) was selected for enthalpy of formation of ideal 
gas. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, Equation (1-11). Results 
from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 8-12 


The data compilation of Yaws and co-workers (44) was selected for Gibb’s free energy of formation 
of ideal gas. Data for Gibb’s free energy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-12). Results from the correlation are in favorable agreement with data. 
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DE Naat aes cpercersctscsesseseconsse-tessceraryanssancenentsexrsn Tetradecanol 
DOI a oe earerenescteecsacecaccrs cre necsneussentatestesenes C14H300 
3. Molecular Weight, g/mol ............:c00 214.392 
4, Critical Temperature; Kove .crccccscsescecees 741.00 
Ss @riticalePressire, Dal aeccccrtceessceseceseescs 17.000 
6. Critical Volume, ml/mol ............... 802.00 
7. Critical Compressibility Factor ............ O21 
SUACEntriC) BACtOn Give ee. nes scececcevens eesceeeree 0.6765 
Ol Mic time @ttitey Kgaseecrssccecsescsrcceceenentacccers 310.65 
10. Boiling Point @ 1 atm, K .................. 560.15 
11. Heat of Vaporization 

G@EBPEL I komen ne on eee 262.03 
12. Density of Liquid @ BP, g/ml ........ 0.628 
13. Surface Tension @ BP, dynes/cm .. 9.649 
14. Heat Capacity of Gas 

QS. OF) ge ee cee thea) 
15. Heat Capacity of Liquid 

@ BP, Ve a een en Are ee 1.988 
16. Viscosity of Gas , 

@ 25) Cy MICrOpOis€ oan cscsncesonsessscess- 44.012 
17. Viscosity of Liquid 

@ BP; CentipOise’ .:22.scccccecccessescstenasees 0.075 
18. Thermal Conductivity 

Of Gasi@25 GW /nK See 0.007 
19. Thermal Conductivit 

of Liquid @ BP, W/m K ................. 0.120 
20. Enthalpy of Formation of Gas 

2S Ck MOUs scnarcenncinsers -484.47 
21. Gibbs Free Energy of Formation 

of Gas, G23 Cok moleercs scence -70.91 
22 PLAS COI b Karrrsctosccectstee st steak sasesctess 414.15 
23. Autoignition Temperture, K ................ ------ 
24. Lower Explosion Limit 

HD AIG VON Og eee atemere sane tenance: 0.5 
2»; PPye Explosion Limit 

Uh ATs WOES ovo eon cancestsceene eases ties Roe aae 
26. Solubility in Water 

25 CC pin WE) eaceerteseaseeteteaceeeecete 0.3000 


Table 8-1 Physical Properties 
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0.7480 
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C18H380 
270.499 
777.00 
13.600 
1010.00 
0.213 

0.8634 
331.05 
608.15 


229.83 
0.600 
8.306 


2.005 


2.150 


39.179 


0.052 


0.009 


0.112 


-566.96 


-37.45 
450.00 


Vapor Pressure, psia 


ATT 


L 
fo 
Sens) cree deer ae ee 


3 


ay 
Oy. 


: 
: 
ll 


=e 
eee 


Sane en a aa DE 
[ose -— 


— 


Temperature, C 
Figure 8-1 Vapor Pressure 


FE 


0.43 BTU/Ib 


1 kJ/kg 


et 

re) 

i= 

® 

Oo 

® y 

me} 

© 

2 

= a 
re) 
i= 
@ 
o 
o 
ne) 
3 
2) 


By/ry ‘uolezuode, jo yeay 


400 500 600 


Temperature, C 
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Figure 8-10 Thermal Conductivity of Liquid 
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Chapter 9 


C, KETONES 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 9-1 


Property data from the literature (2,3,8,21-26,33-36,63-66,73-77,80,89-90,109, 155,162-166) are given in 
Table 9-1. The critical constants were selected from the DIPPR project (5). Additional property data such as 
acentric factor, enthalpy of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 9-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1), Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION - Figure 9-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 5%. 


LIQUID DENSITY - Figure 9-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 5% in most cases. 


SURFACE TENSION - Figure 9-4 
Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 


point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 9-5 and 9-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


sapere using Equation (1-5a). Results are in favorable agreement with data. Errors are about 3% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 3% or less in most cases. The liquid heat capacity of methyl propyl ketone was assumed 
to approximately equal to that of diethyl ketone. 


VISCOSITY - Figures 9-7 and 9-8 


_ Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 3% or 
less in most cases except for methyl isopropyl ketone (possible 10% error). 


THERMAL CONDUCTIVITY - Figures 9-9 and 9-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is fair with 
errors less then 10% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 9-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C (5,14) were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 9-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C (5) were extended to higher temperatures by integration of the appropriate equations 
(76) which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series 
expansion in temperature, Equation (1-12). Results from the correlation are in favorable agreement with 


data. 
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Table 9-1 Physical Properties 


il N ETe Women meer cerry decir como oe ea Methyl 
Isopropyl 
Ketone 

Pah Loy g 01 ees anita acre Oper eecRC re Le cee CS5H100 
3. Molecular Weight, g/mol ............c000 86.134 
AN @nitical, Temperatures Koes ssscvcrcccecsesss- 553.00 
5. Critical Pressure, Dat veccccsssscscccsecaoces 38.504 
6. Critical Volume, ml/mol ...............000 310.00 
7. Critical Compressibility Factor ............ 0.260 
SHAcentric: PactOn c.este ce sacaesccceseretrceestece 0.3500 
9 Melting Pot. KK gis --c.sercccneet ace ssc 181.15 
10) Boiling Pomt @ 1atmiy ie y-2cc.s..s.2 367.55 
11. Heat of Vaporization 

@ BRK [Ke ire arent camessstouescsctatss 391.50 
12. Density of Liquid @ BP, g/ml .......... 0.805 
13. Surface Tension @ BP, dynes/cm .... 24.828 
14. Heat tapanity of Gas 

(DION Nite amare neh eRe ey 1.302 
15. Heat Ca a of Liquid 

(QI BP a / GK ee ee nee, 2.089 
16. Viscosity of Gas | 

@ 25 C michonoise 2 1-2. ser 66.165 
17. Viscosity of Liquid 

(OUBEcentipaise 2-0 asa ee 0.430 
18. Thermal Conductivity 

of.Gas.@325\ CW ji Kees 0.012 
19. Thermal Conductivit 

of Liquid @ BP, W/m Ko cc4.0-a- 0.143 
20. Enthalpy of Formation of Gas 

GPC KY miOl ert i oa eee -263.15 
21. Gibbs Free Energy of Formation 

Ol Gas @25 Go molest ae -140.31 
Pa VlasMAvOmMe ni hone cr es eee 273.00 
23. Autoignition Temperture, K ............... ------ 
24. Lower Explosion Limit 

TANI VW Ole Ah ahah oe ats esaiee aces be sees 1.5 
2); ae Explosion Limit 

IN AUAVOl Oy tee eee 9.0 
26. Solubility in Water 


@ 75 'C ppm(wi ee ee 
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Figure 9-2 Heat of Vaporization 
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Figure 9-3 Liquid Density 
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Figure 9-6 Heat Capacity of Liquid 
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Figure 9-7 Viscosity of Gas 
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Figure 9-8 Viscosity of Liquid 
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Figure 9-9 Thermal Conductivity of Gas 


ees | meso 
| : 7 
a saat a aa | eee | | 
| | | | | | 
cL doen ! ae a ee | ee: we [os eee Icke ers 
| INGE | | 
| | 
O. 1 4 SSSScasSeSnSraspeoDnTanepSSooTerDOeTTSTTeTENmTSTSTSSSTNTTTETSSTSEOTIOON a - eanennernnty pA comsannncsscecnesronenennceranenseenetesnet L essananansernsnemnenenenneetoneceneccccsseceee ] sos sonsnrsssnanesnenanenececnacscccsecssstonesseneen - mrevenssoscetssognasunuminabenessséeccests sean fmmerenessresenseseseneseonesvevescoesovossssesssoonel 
J ee | 
0.13 — St tenner ec enna tee | stanststauecsatsina aamore sae 
aa 
G12 | | | | 
-100 -50 6) 50 100 150 200 250 300 


Temperature, C 


Figure 9-10 Thermal Conductivity of Liquid 
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Figure 9-11 Enthalpy of Formation of Gas 
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Chapter 10 


C, KETONES 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 10-1 


Property data from the literature (2,3,8,21-26,30,36,63-68,73-75,82,90,101,155,162-165,176-178) are given 
in Table 10-1. The critical constants were selected from the DIPPR project (5). Additional property data such 
as acentric factor, enthalpy of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 10-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in fair agreement with 
experimental data. Errors are about 10% or less in most cases. 


HEAT OF VAPORIZATION - Figure 10-2 


Results from the DIPPR project (5S) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is fair with errors of about 10%. 


LIQUID DENSITY - Figure 10-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 5% in most cases. 


SURFACE TENSION - Figure 10-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 10-5 and 10-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 
accomplished using Equation (1-5a). Results are in fair agreement with data. Errors are about 10% or less in 
most cases except for methyl isobutyl ketone (possible 25% error). 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 10% or less in most cases except for methyl isobutyl ketone (possible 25% error). 


VISCOSITY - Figures 10-7 and 10-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in fair agreement with errors being about 10% or less 
in most cases. 


THERMAL CONDUCTIVITY - Figures 10-9 and 10-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is fair with 
errors less then 10% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 10-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C (5,14) were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 10-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C (5) were extended to higher temperatures by integration of the appropriate equations 
(76) which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series 
expansion in temperature, Equation (1-12). Results from the correlation are in favorable agreement with 


data. 
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Figure 10-1 Vapor Pressure 
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Figure 10-2 Heat of Vaporization 
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Figure 10-3 Liquid Density 


= 0.001N/m 


1 dyne/cm 


oO 
o 


Ww 
NA 


Methyl !sobutyl Ketone 


je) 
N 


Ethyl Propyl Ketone 


i) 


Seed 


Oo 


wo/sauAp ‘uoisue| soeuns 


200 250 300 


150 


Temperature, C 
Figure 10-4 Surface Tension 


100 


99 


3.5 


BN 


a 
> 
go 2.5 Z 
: <q 
£ 
s 
q 2 ra 
Oo Vy 
| Methyl Isobutyl Ketone 
T1415 ! 
500 0 200 400 600 800 1000 
Temperature, C 
Figure 10-5 Heat Capacity of Gas 
re 
oO) 
> 
o 
5 
es = 
_ 4 
rs 
£& 
8 | 
(ek 
S 
g PEsneeneeeiy 
coe eee Sok eee | 
® 
xr | | 
i 


@) 
-100 -50 fe) 50 100 150 200 250 300 350 
Temperature, C 


Figure 10-6 Heat Capacity of Liquid 
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Figure 10-7 Viscosity of Gas 
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Figure 10-8 Viscosity of Liquid 
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Figure 10-10 Thermal Conductivity of Liquid 
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Figure 10-11 Enthalpy of Formation of Gas 
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Chapter 11 


C, ETHERS 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 11-1 


Property data from the literature (2,3,8,33-36,63-68,75,82-90,155-161) are given in Table 11-1. The critical 
constants were selected from the DIPPR project (5). Additional property data such as acentric factor, enthalpy 
of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 11-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 11-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 5%. 


LIQUID DENSITY - Figure 11-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 5% in most cases. 


SURFACE TENSION - Figure 11-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 11-5 and 11-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


accomplished using Equation (1-Sa). Results are in favorable agreement with data. Errors are about 5% or less 
In most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 3% or less in most cases except for methyl sec-butyl ether (possible 25% error). 


VISCOSITY - Figures 11-7 and 11-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or 
less in most cases except for methyl sec-butyl ether (possible 25% error). 


THERMAL CONDUCTIVITY - Figures 11-9 and 11-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 10% in most cases except for methyl sec-butyl ether (possible 25% error). 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds, Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 11-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C (5,14) were extended to higher temperatures by integration of the appropriate equations (76) 


which involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 11-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C (5) were extended to higher temperatures by integration of the appropriate equations 
(76) which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series 
expansion in temperature, Equation (1-12). Results from the correlation are in favorable agreement with 


data. 
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Figure 11-1 Vapor Pressure 
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Figure 11-2 Heat of Vaporization 
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Figure 11-3 Liquid Density 
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Figure 11-10 Thermal Conductivity of Liquid 
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PHYSICAL PROPERTIES - Table 12-1 


Property data from the literature (2,3,8,21-23,36-38,66,73-79,90,121,157, 179-182) are given in Table 12-1. 
The critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 12-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 12-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 3%. 


LIQUID DENSITY - Figure 12-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 1% in most cases. 


SURFACE TENSION - Figure 12-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 3% or 
less in most cases. 
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HEAT CAPACITY - Figures 12-5 and 12-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


peas pate using Equation (1-Sa). Results are in favorable agreement with data. Errors are about 3% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. The coverage applies 
to temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in favorable agreement 
with data. Errors are about 5% or less in most cases. Heat capacity of liquid for ethyl formate was estimated 
using values for methyl formate and propyl formate. 


VISCOSITY - Figures 12-7 and 12-8 


; Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in favorable agreement with data. 
Errors are about 5% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or 
less in most cases. 


THERMAL CONDUCTIVITY - Figures 12-9 and 12-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is favorable 
with errors less then 5% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is favorable with possible errors of 5% in most 


cases. 


ENTHALPY OF FORMATION - Figure 12-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C (5,14) were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 12-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C (5) were extended to higher temperatures by integration of the appropriate equations 
(76) which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series 
expansion in temperature, Equation (1-12). Results from the correlation are in favorable agreement with 


data. 


£15 


gS Tes lores ner ere cere rr eerie ro Methyl 
Formate 
2 FOr ay scececcccvssactscsvectacevasy secscsccseeceseser see C2H402 
3. Molecular Weight, g/mol ............:cec000 60.053 
4. Critical Temperature, K ..........cseeeeeee 487.20 
5. Critical Pressure, Dal Gecccceccc<c-cocccsesensseene 59.984 
6. Critical Volume, ml/mol ..............0:0:50.. 172.00 
7. Critical Compressibility Factor ............ 0.255 
BS VACENTIC PACUOF conesecrcetescaeeeecssenssccesneses 0.2537 
OeMelting Pointy We eeyceen rect ees 174.15 
10) Boiling Point,@ 1 atm) Kioi....7:..0. 304.90 
ou OB Wi) cee ae gel es ce tee 496.35 
12. Density of Liquid @ 25 C g/ml ......... 0.967 


Table 12-1 Physical Properties 


. Surface Tension @ 25 C, dynes/cm .. 24.244 
. Heat Capacity of Gas 


(D259 Kee ae ees, 1.096 
. Heat eran of Liquid 

@ 25:.€ Wak Pees Giese ieee eaaeoea ws 1.983 
. Viscosity of Gas 

@25.'C, MICKOPOISE os coneecray-svssveres tee 94.13 
. Viscosity of Liquid 

@25 Cy centipoisec. ca nae 0.330 
. Thermal Conductivity 

OL Gas. @25, CW / nike 0.014 
. Thermal Conductivit iy 

of Liquid(@25/ CW /nmiKe ae 0.184 
. Enthalpy of Formation of Gas 

(OD CARI / moll ss oem ee teens eek =352.7) 
. Gibbs Free Energy of Formation 

OfiGas @ 25 .C Ki / mols. uncrnee -295.54 
Ba PAS TU OMIA cS ace co vas ecaacesee decetacesecntosces 254.26 
. Autoignition Temperture, K ............... 729.26 
. Lower Explosion Limit 

Hil ASE VOLS nee cree ea inate 5.9 

or Ex ae Limit 
Higa (0) (i/o rr nc meee 20.0 


. Solubility in Water 
G25) Cy pint) hentai cen canenena ees 


jas 


Ethyl 
Formate 


C3H602 
74.079 
508.40 
47.420 
229.00 
0.257 
0.2849 
193255 
327.46 


402.08 
0.917 
23.084 


1.208 
1.958 
84.27 
0.380 
0.011 
0.160 
-388.58 


-303.94 
269.15 
728.15 


Padi 


Propyl 
Formate 


C4H802 
88.106 
538.00 
40.631 
285.00 
02359 
0.3180 
180.25 
353.97 


363.27 
0.900 
23.945 


125% 
1.933 
76.84 
0.486 
0.010 
0.147 
-404.98 


-292.87 
210-37 
728.15 


2.1 


a. 
CO ! 
NN AE i: 
InN a nn 

Ns 
PERS at 
WATS 


i SHUT 
5 
oO 
eisd ‘ainssaid Jode/ 


E 
uw 
> 
5 


1000 
100 


Temperature, C 
Figure 12-1 Vapor Pressure 


dt Bg 


0.43 BTU/Ib 


1 kJ/kg 


500 


Methyl Formate 


2 
a 
E 
_ 
o) 
ue 
S 
Q 
° 
— 
oO 


Oo O 
+ 168) N 


By/ry ‘uonezuode, jo jeay 


Temperature, C 


Figure 12-2 Heat of Vaporization 


118 


1 g/ml = 62.43 Ib/t*3 


- 


Propyl Formate 


Methyl Formate 


DearS 58 
oy (oy Kolm e) 


jw/6 ‘Aysuag pinbry 


Ww) 
oO 


150 200 250 300 


100 


Temperature, C 
Figure 12-3 Liquid Density 


50 


-50 


0.001N/m 


lyne/cm 


| 1d 
i | 


a 


Propyl Formate 


= 


wo/seuAp ‘uoisua| aoeuNs 


1 50 200 250 300 


100 


Temperature, C 
Figure 12-4 Surface Tension 


50 


-50 


LL 


Heat Capacity of Gas, J/g K 


Bes 


Propyl Formate 


2.5 5 
— 
2 
1.5 
1 


1 J/g K = 0.239 BTU/Ib R 


‘-200 0 200 400 600 800 1000 
Temperature, C 


Figure 12-5 Heat Capacity of Gas 


Ethyl Formate 


1 See 


Heat Capacity of Liquid, J/g K 


6) i 
-100 -50 6) 50 100 
Temperature, C 


Figure 12-6 Heat Capacity of Liquid 


150 200 250 300 


120 


Viscosity of Gas, micropoise 


Viscosity of Liquid, centipoise 


350 


100 


0.1 
-100 


es 800 


0) 200 400 
Temperature, C 


Figure 12-7 Viscosity of Gas 


1000 


ae as 


1 centipoise = 0.000672 Ib/ft s 


Methyl Formate 


2S 


Ethyl Formate 


-50 6) 50 100 150 


Temperature, C 


Figure 12-8 Viscosity of Liquid 


nee 


200 


< 0.14 


0.5788 BTU/hr ft R 


x 
£ 
= 


W/M ‘Sed Jo AWANONPUOD JBWAUL 


Temperature, C 
Figure 12-9 Thermal Conductivity of Gas 


0.5788 BTU/hr ft R 


1 W/m K 


| 
| 
4 
| 
i 
| 


| 
| 
J 


Propyl Formate 


¥ wW/M ‘pinbrq Jo AANonpuog jeWeUL 


100 150 200 250 300 


Temperature, C 
Figure 12-10 Thermal Conductivity of Liquid 


50 


-50 


*-100 


122 


Enthalpy of Formation of Gas, kJ/mol 


Gibbs Free Energy of Form (Gas), kJ/mol 


eee ee 


Methyl Formate 


Ethyl Formate 
Bey 


Temperature, C 


Figure 12-11 Enthalpy of Formation of Gas 


. Propyl Formate 


sssssecessessscnrnsnusessssesessatnanansseatansenassquans} earnemnrastavssnseesatsanentaanannsnatneearasamunavaresensenensaatatspateatatet 


Temperature, C 


Figure 12-12 Gibbs Free Energy of Formation of Gas 


j Ws 


Chapter 13 


C, FORMATES 


Robert W. Gallant, Carl L. Yaws and Xiaoyan Lin 


PHYSICAL PROPERTIES - Table 13-1 


Property data from the literature (2,3,8,33-36,62-66,70-73,79,90,103,109,155,157) are given in Table 13-1. 
The critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 13-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 13-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with possible errors of 3%. 


LIQUID DENSITY - Figure 13-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 1% in most cases. 


SURFACE TENSION - Figure 13-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 3% or 
less in most cases. 
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HEAT CAPACITY - Figures 13-5 and 13-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 
accomplished using Equation (1-Sa). Results are with errors of 3% or less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are favorable with errors 
of 5% or less in most cases. 


VISCOSITY - Figures 13-7 and 13-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in favorable agreement with data. 
Errors are about 5% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in fair agreement with errors being about 5% or less in 
most cases. 


THERMAL CONDUCTIVITY - Figures 13-9 and 13-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is favorable with possible errors of 5% in most 


cases. 


ENTHALPY OF FORMATION - Figure 13-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 13-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) 


which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series expansion 
in temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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Chapter 14 


C, ACETATES 


Robert W. Gallant, Carl L. Yaws and Li Bu 


PHYSICAL PROPERTIES - Table 14-1 


Property data from the literature (2,3,8,23,26,36,63-66,73,77,79,90,115,125,152,183-189) are given in Table 
18-1. The critical constants were selected from the DIPPR project (5). Additional property data such as acentric 
factor, enthalpy of formation, lower explosion limit in air and solubility in water are also available. 


VAPOR PRESSURE - Figure 14-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 3% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 14-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 3%. 


LIQUID DENSITY - Figure 14-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 3% in most cases. 


SURFACE TENSION - Figure 14-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 14-5 and 14-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


accomplished using Equation (1-Sa). Results are in favorable agreement with data. Errors are about 10% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 10% or less in most cases except for isopropyl acetate (possible 25% error). 


VISCOSITY - Figures 14-7 and 14-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 10% or 
less in most cases except for propyl acetate (possible 25% error). 


THERMAL CONDUCTIVITY - Figures 14-9 and 14-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 10% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 14-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C (5,14) were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion In 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 14-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C (5) were extended to higher temperatures by integration of the appropriate equations 
(76) which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a ae 
expansion in temperature, Equation (1-12). Results from the correlation are in favorable agreement with 


data. 
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Chapter 15 


C, ACETATES 


Robert W. Gallant, Carl L. Yaws and Li Bu 


PHYSICAL PROPERTIES - Table 15-1 


Propertydatafrom theliterature(8,20,25,63-65,68,73,75,77,79,82,87,90,95, 103, 109, 121,123,125,155,180,184- 
186,199-207)are given in Table 15-1. The critical constants were selected from the DIPPR project (5). Additional 
property data such as acentric factor, enthalpy of formation, lower explosion limit in air and solubility in water 
are also available. 


VAPOR PRESSURE - Figure 15-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 10% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 15-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 10%. 


LIQUID DENSITY - Figure 15-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 3% in most cases. 


SURFACE TENSION - Figure 15-4 
Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 


point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 15-5 and 15-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


accomplished using Equation (1-Sa). Results are in favorable agreement with data. Errors are about 5% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 25% or less in most cases. 


VISCOSITY - Figures 15-7 and 15-8 


_ Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 10% or 
less in most cases except for tert-Butyl Acetate (possible 25% error). 


THERMAL CONDUCTIVITY - Figures 15-9 and 15-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most casesexcept for methyl sec-butyl ether (possible 25% error). 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 15-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C (5,14) were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 15-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C (5) were extended to higher temperatures by integration of the appropriate equations 
(76) which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series 
expansion in temperature, Equation (1-12). Results from the correlation are in favorable agreement with 


data. 
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Table 15-1 Physical Properties 


DE INAS sores racces sate aces eeisecsncoseesestece tavosvecrrses Butyl sec-Butyl tert-Butyl 
Acetate Acetate Acetate 
OPM eas grille) ae pee perce ree es ee C6H1202 C6H1202 C6H1202 © 
3. Molecular Weight, g/mol ............:-00 116.160 116.160 116.160 
4. Critical Temperature, K ..........s.sesseeeers SIRES) 561.00 545.00 
5. Critical Pressure, bat <.........-...s-esseeseese--- 31.100 31.700 31.700 
6. Critical Volume, ml/mol ............-..000+ 389.00 389.00 389.00 
7. Critical Compressibility Factor ............ 0.251 0.264 0.272 
Sy Acemtric PactOr <.cct0.c.0.cccee+ncecenecseenoneneneore 0.4101 0.4056 0.3431 
9. Melting Point, K .........scsscecsssescesessesseeees 199.65 174.15 -<------ 
10. Boiling Point @ 1 atm, K ...............005 399.15 385.15 369.15 
ss (@ BP, ki/ Mi aie oe meer rere 314.08 298.58 280.45 
12. Density of Liquid @ 25 C, g/ml ........ 0.876 0.868 0.861 
13. Surface Tension @ 25 C, dynes/cm .. 24.75 23.06 21.56 
14. Heat capa of Gas 
COS CY igh Shearer eran cako 1.38 1.34 1.34 
= Heat Carey of Lig Ree tes 1.96 1.98 1.99 
16. Viscosity of Gas 
@ 25 CG, micropoise nce ene 63.18 64.94 67.56 


1a, ee of Liquid 
COMUPOISE careeaciteerseceeresees 0.687 0.656 0.569 


18. Thermal Conductivity 


of Gas @ 25 Ga W/m Kea arses: 0.010 0.013 0.011 
19. Thermal WORE on 

OL Wiquid (@2s Cy Wi eesccaacresees- 0.135 0.131 0.123 
20. Enthalpy of Formation of Gas 

(CPA OS 2 Wh ito) eee eer -486.51 -504.75 -524.01 
21. Gibbs Free Energy of Formation 

Of Gasi@25 ©y Ky (mol neces -313.71 -331.20 -340.37 
DPe las PO ced cy caterers 295.00 288.71 289.00 
23. Autoignition Temperture, K ............... 694.00 695.00 = = — =------ 
24. Lower Ex losion Limit 

1B) ANU, VOU ioe cccsececacuns escavontaccarereyecnoesnstee 7 ied 13 
sa er Ex ea Limit 

AP seV OL, Uoicceeiceccaz or casteteac ge eee 716 7.6 Us 

26. Solubility in Water 

@ 25. C, PPM (Wt) ssrserocsscsrossconecseonssnsanee S2m2== Rees ete 
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Chapter 16 


C, GLYCOLS 


Robert W. Gallant, Carl L. Yaws and Li Bu 


PHYSICAL PROPERTIES - Table 16-1 


Property data from the literature (2,3,26,62-66,75,77,79,83,87,90,121,157,190-198) are given in Table 18-1. 
The critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation, lower explosion limit in air and solubility in water are also available. 


VAPOR PRESSURE - Figure 16-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 10% or less in most cases. 


HEAT OF VAPORIZATION - Figure 16-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 10%. 


LIQUID DENSITY - Figure 16-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 5% in most cases. 


SURFACE TENSION - Figure 16-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 10% 
or less in most cases. 
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HEAT CAPACITY - Figures 16-5 and 16-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 10% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 5% or less in most cases except for 1,3 butylene glycol (possible 25% error). 


VISCOSITY - Figures 16-7 and 16-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 10% or 
less in most cases. 


THERMAL CONDUCTIVITY - Figures 16-9 and 16-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 16-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C (5,14) were extended to higher temperatures by integration of the appropriate equations (76) 


which involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 16-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C (5) were extended to higher temperatures by integration of the appropriate equations 
(76) which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series 
expansion in temperature, Equation (1-12). Results from the correlation are in favorable agreement with 


data. 
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Table 16-1 Physical Properties 


AN AIG Feoeee ees eccntgcna sc seseese neuesereoeecorrsee recess 2,3 Butylene 1,3 Butylene 1,4 eS 
cies Glycol Glycol 
(2,3 Butanediol) (1,3 Butanediol) (1,4 Butanediol) 

DAV EPSTEIN FA creecoctonrercenecocenroicbs He EOE OCONEE C4H1002 C4H1002 C4H1002 
3. Molecular Weight, g/mol .............0000 90.122 90.122 90.122 
4; Critical Temperatuee 6 cc.cscsccceeceses---- 611.00 643.00 667.00 
5, Critical Pressure, (Dat 4. .c.cc.csccteccccoceeeseaoes 51.300 50.000 48.800 
6. Critical Volume, ml/mol ...................0. 267.00 292.00 297.00 
7. Critical Compressibility Factor ............ 0.270 0.273 0.261 
SPA COMUTIC UM ACEON recesses cece cssaccscsstoeeceaeeenece 1.1055 1.1456 T1897 
On Melting: Poiit, Ko... sceccscsserorsecrenneeee ee: 280.75 196.15 293.05 
10. Boiling Point @ 1 atm, K ................0. 453.85 480.15 SOL 15 
11. Heat of Vaporization 

@ BRK [KG oo cee saccotetanosssshanonsssanssserss 612.35 627.86 692.71 
12. Density of Liquid @ 25 C, g/ml ........ 0.994 1.002 1.013 
13. Surface Tension @ 25 C, dynes/cm .. 34.06 BS 37.49 
14. Heat Capacity of Gas 

Gove cK ee 1.43 1.41 29) 
15. Heat capa of Liquid 

ODS GT eK aha wri s tenes aeersce tccenesentestees 2.36 2.26 2.24 
16. Viscosity of Gas | 

@ 25, Co MCT OPOISOyarsacscessesssseses essences 72.63 68.85 61.54 
17. Viscosity of Liquid 

(O23 Cy Cemlipolse ene cnet T7923 98.638 71.341 
18. Thermal Conductivity 

of Gas1@ 25: © W/m Kaew neces 0.014 0.011 0.010 
19. Thermal yopLrok, 

of Liquid @725 C, W/mK ..ous.uec 0.166 0.182 0.210 
20. Enthalpy of Formation of Gas 

(QOS AU Gia) Bene ere ee rae -482.87 -435.15 -427.23 
21. Gibbs Free Energy of Formation 

Of Gas @ 25 C. KI mole eee -340.15 -292.86 -278.95 
226 Flashes Pointy Ko, A ocdncttee artes 358.15 382.04 407.15 
23. Autoignition Temperture, K ............... 675.15 667.04 630.00 
24. Lower Explosion Limit 

1D ANAT Olek crraiah cckbe teaser ecaee et? ole 1) 1.9 1.9 
ek | er Ex on Limit 

IES VOI" Potnectanresea neers 137 12.6 13.2 


26. Solubility in Water 
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Chapter 17 


C, GLYCOLS 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 17-1 


Property data from the literature (2,3,5,25,65,66,73,75,79,82,90,93,97,99,101) are given in Table 17-1. The 
critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 17-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 17-2 
Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 


from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is fair with possible errors of 10%. 


LIQUID DENSITY - Figure 17-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 5% in most cases. 


SURFACE TENSION - Figure 17-4 
Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 


HEAT CAPACITY - Figures 17-5 and 17-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 
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accomplished using Equation (1-5a). Results are rough with errors of 25% or less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are rough with errors of 
25% or less in most cases. 


VISCOSITY - Figures 17-7 and 17-8 


_ Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in fair agreement with errors being about 10% or less 
in most cases. A value of 616,000 centipoise at 223.15 K is given for hexylene glycol (5). This value appears to 
be very high. 


THERMAL CONDUCTIVITY - Figures 17-9 and 17-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 17-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 17-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series expansion 
in temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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. Critical Compressibility Factor 
. Acentric Factor 
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Table 17-1 Physical Properties 
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Chapter 18 


PROPYLAMINES 


Robert W. Gallant, Carl L. Yaws and Li Bu 


PHYSICAL PROPERTIES - Table 18-1 


Property data from the literature (2,3,8,21,23,26,36,38,63-65,68,75,77,82,103,120,132,157,167-175) are given 
in Table 18-1. The critical constants were selected from the DIPPR project (5). Additional property data such 
as acentric factor, enthalpy of formation, lower explosion limit in air and solubility in water are also available. 


VAPOR PRESSURE - Figure 18-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 10% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 18-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with errors of about 5%. 


LIQUID DENSITY - Figure 18-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 3% in most cases. 


SURFACE TENSION - Figure 18-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 18-5 and 18-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 


accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 10% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 10% or less in most cases. 


VISCOSITY - Figures 18-7 and 18-8 


_ Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or 
less in most cases. 


THERMAL CONDUCTIVITY - Figures 18-9 and 18-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 10% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 18-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C (5,14) were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in 
temperature, Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 18-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C (5) were extended to higher temperatures by integration of the appropriate equations 
(76) which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a me 
expansion in temperature, Equation (1-12). Results from the correlation are in favorable agreement with 


data. 
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Figure 18-6 Heat Capacity of Liquid 
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Chapter 19 


DIAMINES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 19-1 


Property data from the literature (5,21,25-27,36,63,65,73-75,77,79,82,87,93, 103,128- 133) are given in Table 
19-1. The critical constants were selected from the DIPPR project (5). Additional property data such as acentric 
factor, enthalpy of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 19-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 19-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with possible errors of 5%. 


LIQUID DENSITY - Figure 19-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 5% in most cases. 


SURFACE TENSION - Figure 19-4 
Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 


HEAT CAPACITY - Figures 19-5 and 19-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 
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accomplished using Equation (1-5a). Results are rough with potential errors of about 25% or less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in rough agreement 
with data. Errors are about 25% or less in most cases. 


VISCOSITY - Figures 19-7 and 19-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


m Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in rough agreement with errors being about 50% or less 
in most cases. 


THERMAL CONDUCTIVITY - Figures 19-9 and 19-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is rough with possible errors of 257% in most 
cases. 


ENTHALPY OF FORMATION - Figure 19-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 19-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series expansion 
in temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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Figure 19-2 Heat of Vaporization 
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Figure 19-7 Viscosity of Gas 
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Figure 19-9 Thermal Conductivity of Gas 
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Figure 19-10 Thermal Conductivity of Liquid 
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Figure 19-11 Enthalpy of Formation of Gas 
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Chapter 20 


FORMAMIDES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 20-1 


Property data from the literature (5,8,23,25,26,33,64,73,77,79,82,93, 136, 138, 142-153) are given in Table 
0-1. The critical constants were selected from the DIPPR project (5). Additional property data such as acentric 
factor, enthalpy of formation and explosion limits in air are also available. Several sources (5,26,77) report that 
formamide slowly decomposes at its boiling point. 


VAPOR PRESSURE - Figure 20-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 20-2 


Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 
from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is favorable with possible errors of 5%. 


LIQUID DENSITY - Figure 20-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 3% in most cases. 


SURFACE TENSION - Figure 20-4 


Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 
over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 
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HEAT CAPACITY - Figures 20-5 and 20-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 
accomplished using Equation (1-Sa). Results are favorable with potential errors of about 3% or less in most cases 
except for N methylformamide (possible 25% error). 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in favorable agreement 
with data. Errors are about 5% or less in most cases except for N methylformamide (possible 25% error). 


VISCOSITY - Figures 20-7 and 20-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. The curve of formamide was estimated using a similar shape to the curves 
for N methylformamide and N,N dimethylformamide. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in favorable agreement with errors being about 5% or 
less in most cases. 


THERMAL CONDUCTIVITY - Figures 20-9 and 20-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. The curve of formamide was estimated using a similar shape to the curves 
for N methylformamide and N,N dimethylformamide. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 20-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 20-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series expansion 
in temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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Table 20-1 Physical Properties 


A PINGING eet cece ce nn sct ro teecccecsencnseoserseereccrsedses: Formamide N Methyl- N,N Dimethyl- 
formamide formamide 
Da HOPI aie sccceesceacenccecs-cusvsrteresssereresps esceesn ce CH3NO C2HSNO C3H7NO 
3. Molecular Weight, g/mol .........see0e 45.041 59.068 73.095 
4. Critical Temperature, K ............-..s0e00 771.0 721.0 647.0 
5. Critical Pressure, Dar tcccereces:ctocesevecsee ses 78.0 56.2 44.2 
6. Critical Volume, ml/mol ..............:000 163.0 215.0 267.0 
7. Critical Compressibility Factor ............ 0.198 0.202 0.219 
Ba ACEMUniC) PACUOR a arcsereac-ccceceesvseesscrenotserseee- 0.4534 0.4100 03755 
9, Melting Point, K ..........scssecscsecseeereeseeess DIST 269.35 212712 
10. Boiling Point @ 1 atm, K ................+.. 493.0 472.66 426.15 
11. Heat of Vaporization 
(ORB. KN/ KG pees etre cere tenccrncee ess 1071.32 799.48 53945 
12. Density of Liquid @ 25 C, g/ml ........ 1129 0.999 0.945 
13. Surface Tension @ 25 C, dynes/cm .. 56.67 38.52 34.43 
14. Heat Gears Gas 
OSC ee eee 1.02 0.98 1.24 
15. Heat Capacity ¢ Liquid 
CNIS LOW 8 he eR Peet rea Cea ee 2.40 2.16 2.06 
16. Viscosity of Gas | 
(DIDS Cy MCL OP Oise accu cseoncesscesensessee 57.44 84.67 61.44 
17. Viscosity of Liquid 
G@iZS GHeemtip Oise esesce-ecctacecsroneeneensess: 3.347 1.678 0.826 
18. Thermal Conductivity 
Ot Gas (525. COW ROK ce recaceece-raoscaens 0.0089 0.0100 0.0099 


19. Thermal conduc 
of Liquid @ 25 Cy W/m! Kv. cc.ccccsecs 0.353 0.203 0.184 


20. Eataley of Formation of Gas 
@ 25 C, 


MW cc exctgans ceossasessrcseonmeens -186.50 -184.79 -192.22 

21. Gibbs Free Energy of Formation 

Gb Gas @) 25 C.K) / mole. ae -141.55 -109.07 -89.37 
22. Blash: Pott Ko yaecviesccneeeesoear tosesansunnees 448.15 376.00 330.93 
23. Autoignition Temperatire, Kincccacc == ease 718.15 
24. Lower Explosion Limit 

Ut AIDs, VO! Goad, vadiaces iasaeeconnadeste tasers 2.0 3.6 Paps 
2a, aie Explosion Limit 

iy Ail VOl Gorancacnl.cnauaranann: 293 18.6 152 
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Figure 20-1 Vapor Pressure 
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Figure 20-5 Heat Capacity of Gas 
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Figure 20-6 Heat Capacity of Liquid 
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Figure 20-9 Thermal Conductivity of Gas 
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Chapter 21 


ACETAMIDES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 21-1 


Property data from the literature (5,8,14,21,25,26,36,62,65,68,73-75,77,87,93,97,99,101, 134-141) are given 
in Table 21-1. The critical constants were selected from the DIPPR project (5). Additional property data such 
as acentric factor, enthalpy of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 21-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in fair agreement with 
experimental data. Errors are about 10% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 21-2 
Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 


from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is fair with possible errors of 10%. 


LIQUID DENSITY - Figure 21-3 
Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 


as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 5% in most cases. 


SURFACE TENSION - Figure 21-4 
Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 5% or 
less in most cases. 


HEAT CAPACITY - Figures 21-5 and 21-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 
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accomplished using Equation (1-5a). Results are fair with potential errors of about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in rough agreement 
with data. Errors are about 25% or less in most cases. 


VISCOSITY - Figures 21-7 and 21-8 


_ Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in fair agreement with errors being about 10% or less 
in most cases. 


THERMAL CONDUCTIVITY - Figures 21-9 and 21-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is rough with 
errors less then 25% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 21-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 21-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series expansion 
in temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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DIN ATG eccceesterc cere csree cee cette cena Acetamide 
2s Borsnulaiccce. pac teeecesesesca-ev-trencnvastaceeesseeareceee C2HSNO 
3. Molecular Weight, g/mol ............cceee 59.068 
4s Critical Demiperature, Kor ccs.sccccscencso-s 761.0 
Se Critical Presses Dalya oe 66.0 
6. Critical Volume, ml/mol 27 323.0...20...<.2 215.0 
7. Critical Compressibility Factor ............ 0.224 
SerAcentric: Factors cigcee. eens estes 0.3807 
On Melting Point Ke oii s ce cereesscscesesescenesoeers 354.15 
10. Boiling Point @ 1 atm, K oe. 494.30 
11. Heat of Vaporization 

GBPOLI koe ete ee 941.42 
12. Density of Liquid @ BP, g/ml ........... 0.867 
13. Surface Tension @ BP, dynes/cm ..... 22.93 
14. Heat Capacity of Gas 

@2S Col ig Ke ike ose 1.06 
15. Heat Capacity of Liquid 

@ BP, V g Ke Be ees eee een ee 2.81 
16. Viscosity of Gas 

@2NCUMIcrOpoise yet 55.68 
17. Viscosity of Liquid 

@ BP COMUPOISE Siri secciesccccsateastaesrases 0.283 
18. Thermal Conductivity 

Ol Gasn@25 CW fai Kees 0.0079 
19. Thermal Conductivit 

Of Liquid @ BROW /mtkK meee 0.171 
20. Enthalpy of Formation of Gas 

(IF OA A Frio) Waren ence gone er ten -238.86 
21. Gibbs Free Energy of Formation 

Ob Gasi@25 Ck /mole ete -160.34 
Zo E lash bOMit, Ks secon eee 399.0 
23. Autoignition Temperture, K ............... ------ 
24. Lower Explosion Limit 
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Figure 21-2 Heat of Vaporization 
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Figure 21-6 Heat Capacity of Liquid 


210 


Viscosity of Gas, micropoise 


Viscosity of Liquid, centipoise 


250 
200 
150 
100 


50 


0.1 
-100 


: N Methylacetamide 


0 200 400 600 
Temperature, C 


Figure 21-7 Viscosity of Gas 
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Figure 21-9 Thermal Conductivity of Gas 
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Figure 21-10 Thermal Conductivity of Liquid 
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Chapter 22 


MISCELLANEOUS NITRILES 


Robert W. Gallant and Carl L. Yaws 


PHYSICAL PROPERTIES - Table 22-1 


Property data from the literature (5,21,25,26,35,36,38,62,77,79,82,93, 116-124) are given in Table 22-1. The 
critical constants were selected from the DIPPR project (5). Additional property data such as acentric factor, 
enthalpy of formation and explosion limits in air are also available. 


VAPOR PRESSURE - Figure 22-1 


Results from the DIPPR project (5) were selected for vapor pressure from very low temperatures to 
the critical point. Correlation of data for vapor pressure as a function of temperature was accomplished using 
Equation (1-1). Results from this equation (Antoine-type with extended terms) are in favorable agreement with 
experimental data. Errors are about 5% or less in most cases. 


HEAT OF VAPORIZATION -_ Figure 22-2 
Results from the DIPPR project (5) were selected for heat of vaporization for temperatures ranging 


from melting point to critical point. Equation (1-2) was used for correlation of the data as a function of 
temperature. Reliability of results is fair with possible errors of 10%. 


LIQUID DENSITY - Figure 22-3 


Results from the DIPPR project (5) were selected for liquid density from low temperatures at the 
melting point to higher temperatures up to the critical point. Equation (1-3) was used for correlation of the data 
as a function of temperature. Results from the correlation are in favorable agreement with data. Deviations are 
less than 3% in most cases. 


SURFACE TENSION - Figure 22-4 
Results from the DIPPR project (5) were selected for surface tension for temperatures from melting 
point to critical point. Using data from the literature, correlation for surface tension as a function of temperature 


over the full liquid range was achieved by Equation (1-4). Accuracy is favorable with errors being about 3% or 
less in most cases. 


HEAT CAPACITY - Figures 22-5 and 22-6 


Results from the DIPPR project (5) were selected for heat capacity of ideal gas. Correlation of data was 
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accomplished using Equation (1-5a). Results are in favorable agreement with data. Errors are about 5% or less 
in most cases. 


Results from the DIPPR project (5) were selected for heat capacity of liquid. The coverage applies to 
temperatures from below the boiling point to temperatures above the boiling point for most of the compounds. 
Data were correlated with a series expansion in temperature, Equation (1-6). Results are in fair agreement with 
data. Errors are about 10% or less in most cases. 


VISCOSITY - Figures 22-7 and 22-8 


Results from the DIPPR project (5) were selected for viscosity of gas. Data for gas viscosity as a 
function of temperature were correlated using Equation (1-7). Results are in fair agreement with data. Errors 
are about 10% or less in most cases. 


Results from the DIPPR project (5) were selected for viscosity of liquid. Temperatures from below the 
boiling point to temperatures above the boiling point are covered for most of the compounds. Data for liquid 
viscosity as a function of temperature were correlated using the de Guzman - Andrade equation with extended 
terms, Equation (1-8). Correlation results and data are in fair agreement with errors being about 10% or less 
in most Cases. 


THERMAL CONDUCTIVITY - Figures 22-9 and 22-10 


Results from the DIPPR project (5) were selected for thermal conductivity of gas. Data for gas thermal 
conductivity as a function of temperature were correlated using Equation (1-9). Reliability of results is fair with 
errors less then 10% in most cases. 


Results from the DIPPR project (5) were selected for thermal conductivity of liquid. The coverage 
applies to temperatures from below the boiling point to temperatures above the boiling point for most of the 
compounds. Data for liquid thermal conductivity as a function of temperature were correlated using a series 
expansion in temperature, Equation (1-10). Reliability of results is fair with possible errors of 10% in most cases. 


ENTHALPY OF FORMATION - Figure 22-11 


The data compilation of DIPPR project (5) was selected for enthalpy of formation of ideal gas. The 
values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) which 
involve gas heat capacities. Data for enthalpy of formation of the ideal gas is a series expansion in temperature, 
Equation (1-11). Results from the correlation are in favorable agreement with data. 


GIBB’S FREE ENERGY OF FORMATION - Figure 22-12 


The data compilation of DIPPR project (5) was selected for Gibb’s free energy of formation of ideal 
gas. The values at 25 C were extended to higher temperatures by integration of the appropriate equations (76) 
which involve gas heat capacities. Data for Gibb’s free energy of formation of the ideal gas is a series expansion 
in temperature, Equation (1-12). Results from the correlation are in favorable agreement with data. 
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IN AIN © case cestectee ete asta ene ee ect Acrylonitrile 
DebOIrmMulan ceca ee eae C3H3N 
3. Molecular Weight, g/mol ...............0000 53.064 
4. Critical Temperature; K <.cccccecncees 535.00 
De Critical Pressure, babies: 44.8 
6. Critical Volume, ml/mol ..................000 212.0 
7. Critical Compressibility Factor ............ 0.214 
Ss Acenttic Pactoten-nc nem nesceccce 0.3498 
Oe Melting ROmtaker, cere eee 189.63 
10. Boiling Point @ 1 atm, K .................. 350.50 
11. Heat of Vaporization 

CIBER KI) Kier ersten ences 585.34 
12. Density of Liquid @ 25 C, g/ml ........ 0.801 
13. Surface Tension @ 25 C, dynes/cm .. 15.93 
14. Heat Capacity of Gas 

QOS IGN CR eee eee aeteaes 1.214 
15. Heat Capacity of Liquid 

@ 25 Cre kK eo ee 2.05 
16. Viscosity of Gas 

SC mMcrOpoiser ese 65.49 
17. Viscosity of Liquid 

(DC -eenlipoiser... ante 0.335 
18. Thermal Conductivity 

of Gas'@ 25'C, W/mK. ee 0.009 
19. Thermal teen! 

of Liquid @ 25 C, W/m K ue 0.169 
20. ae of Formation of Gas 

25 CK I mol ye acct ee 183.62 
21. Gibbs Free Bee of Formation 

Of (Gas: @)25 C) kli/moli ee 193.44 
22a lash Potts Kaeo hc ee 273.15 
23. Autoignition Temperature, K ............. 754.26 
24. Lower Explosion Limit 
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Figure 22-1 Vapor Pressure 
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Figure 22-2 Heat of Vaporization 
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Figure 22-3 Liquid Density 
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Figure 22-4 Surface Tension 
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Figure 22-5 Heat Capacity of Gas 


1 J/g K = 0.239 BTU/Ib R 
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Figure 22-6 Heat Capacity of Liquid 
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Figure 22-7 Viscosity of Gas 
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Figure 22-8 Viscosity of Liquid 
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Figure 22-9 Thermal Conductivity of Gas 
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Figure 22-10 Thermal Conductivity of Liquid 
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Figure 22-11 Enthalpy of Formation of Gas 
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Figure 22-12 Gibbs Free Energy of Formation of Gas 
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Appendix A 


CONVERSION TABLES 


Temperature 
To convert from Centigrade to: 
Kelvin, add 273.15 
Rankine, multiply Kelvin by 1.8 
Fahrenheit, multiply Centigrade by 1.8 and add 32 


Pressure 

To convert from psia to: 
kPa, multiply by 6.895 
psig, subtract 14.7 
mm Hg, multiply by 51.7 
atmospheres, divide by 14.7 
bars, divide by 14.89 


Heat of Vaporization 

To convert from kJ/kg to: 
BTU /Ib, multiply by 0.43 
cal/gram, multiply by 0.239 


Density 

To convert from g/ml to: 
Ib /ft~3, multiply by 62.43 
Ib/gallon, multiply by 8.345 


Surface Tension 
To convert from dynes/cm to: 
N/m, multiply by 0.001 


Heat Capacity 

To convert from J/g K to: 
BTU/lIb R, multiply by 0.239 
cal/gram K, multiply by 0.239 


Viscosity 
To convert from micropoise to: 
lb/ft s, multiply by 0.0672E-06 
centipoise, multiply by 1.0E-04 
poise, multiply by 1.0E-06 
Pa s (pascal seconds), multiply by 1.0E-07 


To convert from centipoise to: 
lb/ft s, multiply by 0.000672 
micropoise, multiply by 10,000 
poise, multiply by 0.01 
Pa s (pascal seconds), multiply by 0.001 
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8. Thermal Conductivity 
To convert from W/m K to: 
BTU/hr ft R, multiply by 0.5788 
calorie/cm s K, multiply by 0.002388 


9. Enthalpy of Formation 
To convert from kJ/mol to: 
kcal/mol, multiply by 0.239 


10. Gibb’s Free Energy of Formation 
To convert from kJ/mol to: 
kcal/mol, multiply by 0.239 


Formula 


Ar 

Br2 
CBrF3 
CC1F3 
CCIZAF2 
CCI20 
CC13F 
Cea 
CF4 

co 

cos 
Cco2 
CcS2 
CHC1F2 
CHeGi2r 
CHEL3 
CHF3 
CHN 
CH2C12 
CH20 
CH202 
CH3Br 
CH3Ci. 
CH3NO 
CH3NO2 
CH4 
CH40 
CH4S 
CH5N 
C2C12F4 


C2Ze1353 


c2cl14 
CZF6 
C2ZHC13 
C2HC130 
C22 
COH2ZC 22 
C2H2612 
C2H2C12 
C2H2C14 


Name 


chlorotrifluoromethane.. 


Appendix B 


COMPOUND INDEX BY FORMULA 


O° 6-0, O60 6 OU6 8 6) 666 810 6 6. 6 6 8 


~t£ LUu6rocarbon—13.-. oe 


dichlorodifluoromethane..fluorocarbon-12........ 
POIs ST Ge etete ec Skee oslo ysisrs ce sete sree Breteler eee 
trichlorofluoromethane...fluorocarbon-11........ 
GaponwceCeracnlOride. cs. sues obese eae eee 
tetrafluoromethane....... fluSrocarbon=14-—...- 
Semi oresMONOKd Als 2 ci sess Mess wee Sie ee ee 
SAO OMVal Le SUM ial AS: .4e o's a6 S64. bre aie er acsle eee wee alee ae eee 
Par DOMe IO TOs UO Gre cient wiper cue ase eave are cal ore eee ee ee 


chlorodifluoromethane....fluorocarbon-21........ 
diehnlororluoeromethane....flucrocarbon—-22.....2.% 


MV sO GEN C Vial Il Cosa iah a letse. & Bois se 9s oe ee te ee ee ats aes 
methylene chloride....... dichloromethane... «nue. 
POEMAPACRY Aer ere ecicla cat sie 88 6 5b wie osha d 6 6 ee siete o eat onere 
se) agi iia ivete a (ak We EN eA uc ted Pea Ce we ae ae er eee a Rea gre NAAN Cire Pane pram ire 
NG Cl ysl OOM Ss een e 2s stele. 60S) of erths soccen oust eres ict slaietae sone 
me thivale Cl LOE Oe wy 5 coi oo. 5 sie" 6 co e018: cue we e061 6 = stone’ oo mlaite 
Hi EMU AMV S eiere cies enar sales: gi seus. &- 6: ous) sy 'ai epee ele) sr elcimisigel eer eee eae 
ME IGOMETIVAMO boy or or 56 eich. 6. ouial viele ener s sosr svansisre isi clara: olakey a ehace 


methane 


eooevcvreevreeree ee eee eee wee ee we ee ewe we eee eH eee He He ee eH © 


keh! VS) aYe hl Maree me eOm sai ay Mee arn marek Ter eerie Ong OMe eae aa 
AVG UVATIO ty OU e ae 6 oees el or onciele ae ec euert. bye eer nr ete eee tarde saya. bets 
Met NV rea Ma Meo cusps ecs sie ones eels Seer ed rie aiei eis sees less wre wise 8 6-5 
12 -dVechloro- iL; 

2,2-tertafluoroethane...fluorocarbon-114....... 
ile 2=telenloro—-1,.2; 

2—-tritiluoroeethane:........- fFlworocarvpOn=l1 3)... «5 = s 
perchloroethylene....... eee reece ere cceereccces 
hexafluoroethane......... EluOreCcarDOn—LUG. o- . 2s « 
ELICHTOLOCEHY LONGs «4 6.c ies se cece 6 as = 05 ss a 5 sis Seles 


chloral 


sliee@ 66) 16 6 6) 66: @.6 6 @ » @ ss 0) 0) 06 * © 0° 6 € 0) 0) 0 ¢ S$ 0 0 2 8 2 oe 4 ® 


ACETVIENE. 2.5. ess sow csece CGENVNCs winc sews ees ean ss 
vinylidene chloride........ eee eer c cece ccc ccercs 
cis-1,2-dichloroethylene.......-.--eeeeeeeeeeces 


trans-1 


,2-dichloroethylene.......----eeeeeeeeees 


Ppl 2y2—certacnhloroethnanes < .nscceei nce nasiceswes 
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Page 


6L(VOtsS) 
110(Vol 3) 
239 (VOL a) 
205(Vel 1) 
205(Vol 1) 
16(Vol 2) 
205(Vol 1) 
44(Vol 1) 
205(Vol 1) 
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206(Vol 2) 
215(Vol 1) 
215(Vol 1) 
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C2UZF2 
C2H3CT 
C2H3C10 
C2H3C13 
C2H3F 
C2H3N 
C2H4 
C2H4Br2 
CZH4C12 
C2H40 
C2H40 
C2H402 
C2H402 
C2H5Br 
C2H5C1 
C2H5NO 
C2H5NO 
C2H5NO02 
C2H6 
C2H60 
C2H60 
C2H602 
C2H6S 
C2H6S 
C2H7N 
C2H7N 
C2H8N 
C3H3N 
C3H4 
C3H4 
C3H40 
C3H402 
C3HSoCIO 
C3H5N 
C3H6 
C3H6 
C32HG6Cl2 
C3H60 
C3H60 
C3H60 
C3H60 
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@thy lene “OxXLde sn ce es 9 6 aoe eieyeu grr een aoe 104 (Vole 1) 
Sotcnecwlsl-lay{sloian coo OO Io es) OO ESO 6(Vol 2) 
Veit cet ok gen Yo epee CAO cent ta etc Care 26(Vol. 2) 
methyl) POrMat es. ote. <foele cree es otis cs = oar catnns cae 114(Vol 4) 
ethyl bromide..........-- bromoethane.......-+--e- 235 (Vole) 
ethy beech lOride .fen. «ctciere ors Ch lOnOeGtTNane 2.0 ies esis = 64 (VOL et) 
PYolctechi bis (=r een ee ot Ce re ee cat Oreo Uc 204(Vol 4) 
n methylformamide. ......s. secre cssererercrcesccss 194(Vol 4) 
nels alo (ch alate: a\-weretee oe rere Wace cere cnc en re cores GOOG 136(Vol 2) 
SL aAne oes <iay es ene ele tess an ede ode crore (olele sisievensteussesel + waskegsatas (Volpe i) 
Pci gtsin (onl ~ Wyre Om cere Oe ethyl alcohol........-.. 74 (Vol 1) 
Me@th yb OCMC was cce. cle sur seue oto *)2eurro seu eneueity si bomen er ogcucieis 46(Vol, 2) 
ethylene glycol....... eee eee ee cere es ccrreeccecs PWA( Vols.) 
St Mane e i Olli, css coc cencse. see eels esge «cece sass s/eusienemsionccegacs 2Z06(VoOle 2) 
dimethyl] SULLIGeS. . on seek 6 oe were 8 ese ew ayer @ tienes 206 (Vols 2) 
Gimetiny amine, 5 a. seis « late «ios alele ovens uses lo osu eas deasaer: 96(Vol 2) 
SEM Vda Wes: . se cectlecs ous 2 alee orslic is (s nie (Sue es (eens ope mearar one iel 106(VoL 2) 
ethy Menedlamine.= 6.6 o. wc coe ee ole es 0 = sue sie sneiens fous 184(Vol 4) 
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propylene dichloride..... 1,2-dichloropropane..... ,64(Volj i) 
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C4H6 
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C4H8 
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C4H80 
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C4H10 
C4H100 
C4H100 
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CHEMICAL ENGINEERING 


Physical Properties of Hydrocarbons 


And Other Chemicals 
VOLUME 4 


This latest volume in the Physical Properties of Hydrocarbons series provides valu- 
able data on aldehydes, acids, alcohols, ketones, ethers, formates, acetates, glycols, 
amines, formamides, acetamides, and nitriles. This one source offers you enormous 
savings in time and effort. 

Easy-to-read graphs give readers instant access to data for each compound, including 
physical properties, vapor pressure, heat of vaporization, liquid density, surface tension, 
heat capacity, viscosity, thermal conductivity, enthalpy of formation, and Gibb’s free 
energy of formation. This comprehensive volume also lists boiling and freezing points, 
molecular weight, critical properties, explosion limits in air, and solubility in wallet for 
each compound. This is especially helpful in safety and environmental engineering. 

You'll find improved methods of extending data as well as new experimental data. 
SI and metric units are used for all properties except vapor pressure, and each graph 


displays a conversion factor providing English units. The indexes show compounds by. 


formula and by name, including those compounds described in previous volumes. 

This reference provides chemical, environmental, and safety engineers with quick 
and easy access to vital physical property data needed for production and process 
design calculations. 
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